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SPECIFICATION 



1. Title of the Invention 

Nonvolatile Memory Device 

2. Claims 

An electrically programmable nonvolatile memory device, wherein said 
nonvolatile memory device is characterized by the fact that the system in which said 
memory device is used is equipped with a plurality of storage areas in each unit block 
having the required storage capacity; when one unit block reaches the number of 
program writes specified for said memory device, another unit block successively 
replaces [the first]; and each unit block is provided with a dedicated location for storing 
the number of program writes to that unit block. 

3. Detailed Description of the Invention 
Field of Industrial Utilization 

The present invention relates to a nonvolatile memory device, and in particular 
to an electrically programmable semiconductor nonvolatile memory device. 

Technological Background of the Invention and Related Problems 

Semiconductor nonvolatile memory devices make use of a MOS-type FET to 
store binary information by means of the amount of accumulated charge, and an 

advantage of said devices is that the content of the memory can be preserved even if the 
power source is cut off. 

There is a variety of such nonvolatile memories, but the one used most widely 
at the present time is a so-called UV-EPROM (Ultraviolet-Erasable and Programmable 
ROM). This UV-EPROM irradiates [the memory] with ultraviolet rays in order to 
erase the content thereof, but a disadvantage is that it has to be removed from the 
circuit during writing and erasing. 
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It is for this reason that EEPROM (Electrically Erasable and Programmable 
ROM) has come into the spotlight of late. The advantage of this EEPROM is that 
erasing and writing can be performed freely by means of a separately provided erasing 
and writing device while the EEPROM is still installed, which makes it ideal for 
systems in which the content of the memory is frequently modified, such as a cash 
register. 

Meanwhile, EEPROM is also combined with ordinary static RAM and used in 
nonvolatile RAM. This nonvolatile RAM comprises static RAM and EEPROM of 
equal capacity, and is designed so that the ordinary RAM works when the power is on, 
and the content is first transferred to the EEPROM and stored as they are immediately' 
prior to the shut-off of the power, and then are returned from the EEPROM side to the 
static RAM once the power is turned back on, which ensures the nonvolatile nature of 
the memory. 

A problem with this EEPROM is that since a high voltage must be applied 
during writing, there is a limit to the number of changes to, that is, programmings of, 
the memory content. As of the present time, the limit to the number of programmings 
is generally about 1000 to 10,000. It is crucial that this limit not be exceeded during 
use, the reason being that reliability cannot be ensured whatsoever beyond this limit. 

Let us now discuss the operating principles of the EEPROM, as well as the 
reason for the limit to the number of possible programmings. Figure 1 is a cross 
section of one cell of a typical EEPROM. Figure la shows the state when the program 
is written, and Figure lb shows the state during erasure. In Figure 1, a first 
electrode 11 (a first layer of polysilicone), a floating gate 12 (a second layer of 
polysilicone), and a second electrode [13] (a third layer of polysilicone; used for 
writing and erasure) are provided along with an SiO* insulating layer 14 over a p-type 
silicon substrate 10. The floating gate 12 is installed between the first electrode 11 and 
the second electrode 13 in a floating state. 

When [the memory] is programmed (see Figure la), the first electrode 11 is 
fixed at 0 V or ground potential, and a positive high potential +V is applied to the 
second electrode 13. As a result, the potential of the floating gate 12 also rises up to 
the positive high potential + V through electrostatic bonding with the second 
electrode 13. This generates a high electrical field between the floating gate 12 and the 
first electrode 1 1, so electrons are moved by tunneling effect from the first electrode 11 
toward the floating gate 12, and these electrons are captured by the floating gate 12. 
Once electrons have been sufficiently captured, the potential of the second electrode 13 
is returned to 0 V, and the programming operation is complete. In this state, the 
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potential of the floating gate 12 is a negative potential. This is because of the captured 
electrons. 

Let us now discuss erasure (see Figure lb). First, let us assume that this cell 
has already been programmed and electrons have been captured in the floating gate 12. 
The first electrode 1 1 is fixed at 0 V, the floating gate 12 is set at 0 V, and a voltage of 
+V is applied to the second electrode 13. This generates a high electrical field 
between the floating gate 12 and the second electrode 13, so the electrons that were 
captured by the floating gate 12 are expelled by tunneling effect through the silicon 
insulating layer 14 into the 13. Once there are no more captured electrons present, the 
erasure operation is complete, and the second electrode 13 is returned to 0 V. 

As can be seen from the above description, a state in which electrons have been 
captured by the floating gate 12 and the potential is negative is the programming state, 
and the opposite state is the erasure state. These two states correspond to signal logic 
"1" and "0" in the memory exterior. It is not necessarily true that the programming 
state will be a logic of " 1" and the erasure state "0. " This is because the logic 
designations will be determined by the relationship with peripheral devices. 

In the EEPROM discussed above, the cause of the number of programmings 
being limited is that a high voltage is applied to the second electrode 13 during 
programming, and electrons are moved by tunneling effect from the first electrode 11 
to the floating gate 12. In other words, stress is applied since the electrons break 
through the Si02 insulating layer to move between the first electrode 11 and the 
floating gate 12, and this leads to the deterioration of the insulating layer. When a an 
erase operation is applied to a cell that is already in an erased state, or when a write 
operation is applied to a cell that is already in a written state, not that much stress is 
applied, so the proportional deterioration is vastly less. 

It has already been mentioned that there is the danger that the memory content 
will be erased when such an EEPROM is used in a system in which the program is 
modified frequently. In the past, this was dealt with by making an appropriate decision 
based on the usage period of the system and other such factors, and replacing the 
EEPROM after a suitable period. However, this method is not satisfactory because it 
still leaves uncertainty as to the reliability of the system. Specifically, the replacement 
of parts after the system has been shipped to the user is undesirable, and in some cases 
this replacement can also be very difficult. Furthermore, this replacement takes time 
and incurs extra expense. 
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Object of the Invention 

An object of the present invention is to offer a memory device with which the 
number of times the nonvolatile memory has to be replaced is drastically reduced and 
reliability is enhanced. 

Summary of the Invention 

In order to achieve the stated object, the memory device of the present invention 
is characterized by the fact that a nonvolatile memory having a plurality of times the 
storage capacity required for the system in which said memory will be used is readied; 
this memory is divided into storage areas for each block of the above-mentioned 
required storage capacity; when one unit block reaches the number of program writes 
specified for said memory, another unit block successively replaces [the first]; and each 
unit block is provided with a dedicated location for storing the number of program 
writes to that unit block in order to ascertain that the number of program writes has 
been reached. 

Merits of the Invention 

With the present invention structured as above, there is no need to replace the 
memory chip every time the number of program writes reaches the specified limit, and 
since the limit number can be ascertain for each dedicated location, the memory content 
will not be erased, and better reliability can be ensured. 

Practical Examples of the Invention 

The present invention will now be described in detail through the practical 
examples illustrated in the figures. 

First, on the assumption that [all] modem semiconductor memories, and not just 
EEPROM, have rapidly increasing capacity per chip, the price per chip is not 
proportional to the storage capacity per chip on the mass-production level, so there is 
not much difference in the unit price per chip regardless of whether the capacity is 
small or large. Therefore, it is common for the capacity per chip of available 
EEPROMs to be much larger than the capacity required for the system. [The present 
invention] makes it possible to utilize this extra capacity effectively. 
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Figure 2 is an example of the use of an EEPROM having a capacity that is 
twice as large as the capacity required for the system. The storage area is divided into 
a first block 1 and a second block 2. This area is divided into two parts in the word 
direction. Therefore, the first block 1 and the second block 2, which are unit blocks, 
each have a capacity greater than the unit capacity required by the system. 

To the first and second blocks 1 and 2 are allocated dedicated locations 3 and 4, 
respectively, that are used to house the number of program writes for the memory. 
The number of bits of the dedicated locations 3 and 4 corresponds to the limit for the 
number of program writes of the memory, and the dedicated locations 3 and 4 are each 
configured by the allocation of corresponding memory cells. 

Let us now discuss the operation. First, in short, when the first block 1 is used 
at first and its number of program writes reaches the specified value, it is switched for 
the second block 2. When the number of program writes of the second block 2 reaches 
the specified value, this EEPROM must be replaced. 

The count value held in the dedicated locations 3 and 4 can be used to ascertain 
whether the number of program writes has reached the specified value. Specifically, 
the dedicated location 3 is set ahead of time to an initial value (say, "0"). Thereafter, 
every time a program write to the first block 1 occurs, the dedicated location 2 [sic] is 
read and the value held therein is incremented by one, and this value is again stored in 
the dedicated location 3. Next, programs are written to storage areas other than the 
dedicated location 3. The design [of the system] will dictate whether the increment 
operation or the write is performed first. 

There are two types of EEPROM. The first type allows erasure and writing 
(that is, content changes) in single-word units, while the second type allows single- 
work units only for writing, and only total erasure is possible. 

With the first type of EEPROM, when the first block 1 is being used, for 
example, the content of the second block 2, which is an unused region, can be changed 
in single-word units, so there is no deterioration whatsoever. Accordingly, if we let 
the number of programmes specified for this EEPROM be 5000, then 5000 program 
changes will be possible with the first block 1 and 5000 with the second block 2, for a 

total of 10,000 changes. 

In the case of the second type of EEPROM, deterioration does not occur during 
writing because it is performed in single-word units, but since total erasure (that is, 
both the first and second blocks 1 and 2 at the same time) is performed during erasure, 
the second block 2, which is an unused region, also undergoes the erasure operation, ' 
so, strictly speaking, there is a certain amount of deterioration. However, the 
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deterioration during erasure is much less than the deterioration during writing. For 
instance, if we let the number of programmings specified for this EEPROM be 5000 
times, then 5000 program changes will be possible with the first block 1 and 4000 with 
the second block 2 (taking into account the erasure operation of the first block 1), for a 
total of 9000 changes. 

Figure 3 is a block diagram of an example in which the present invention is 
applied to a nonvolatile RAM configured by combining an ordinary RAM with an 
EEPROM. In Figure 3, 5 is the RAM, which is divided into a first block 6 and a 
second block 7, with the blocks 6 and 7 having storage capacity corresponding to that 
of the first block 1 and second block 2 of the EEPROM, respectively. The blocks 6 
and 7 are provided with dedicated locations 8 and 9, respectively. During ordinary 
system operation, the RAM 5 has various types of information written to it or read 
from it, and the content of the RAM 5 is stored on the EEPROM side when the system 
power is off, for instance. 

First, let us discuss the relationship between the first blocks 6 and 1. The 
dedicated location 8 is preset to an initial value (such as "0"). When the content of the 
RAM 5 is to be stored on the EEPROM side, the dedicated location 8 of the RAM 5 is 
read out just before this content is stored. The content of the dedicated location 8 thus 
read is incremented by one and then written back to the dedicated location 8. After the 
dedicated location 8 has been renewed, the entire content of the RAM 5 is written to 
the first block 1 of the EEPROM. At this time, the content of the dedicated location 8 
is, of course, also written to the dedicated location 3. 

Next, when the RAM is to be used again, the entire content stored in the 
EEPROM is written as it is to the RAM 5 side (this is referred to as "recall"). 

When this programming change operation reaches the specified number of 
times, the region used next is switched from the relationship of the first blocks 6 and 1 
to the relationship of 7 and 2, and the same operation as above is carried out. 

The same considerations as for the above-mentioned first and second types must 
be given for erasure and writing of the EEPROM used in the above-mentioned 
nonvolatile RAM as well. As to the first type, since erasure and writing are performed 
in single-word units, there is no deterioration of the unused region, so it need not be 
considered. With the second type there is a certain amount of deterioration, but there 
is no problem if the limit to the number of programs is set somewhat lower. The 
biggest problem is when both the erasure and the writing are total. In a case such as 
this, the deterioration can be minimized by pre-writing a value of "0" to all of the 
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second blocks 6 that are unused regions of the RAM 5, and writing this "0" during 
storage. 

Variation Examples of the Invention 

(1) In the practical examples discussed above, the content of the dedicated 
locations 3 and 4 or 8 and 9 were renewed by successive increments by one every time 
a program write occurred, but the maximum number of programs secured by the 
EEPROM may also be preset as an initial value, and the content thereof decremented 
by one for every change in the program. In this case, it is possible to ascertain how 
many possible program changes are left to the EEPROM. Also, some kind of display 
(such as a CRT display or a lamp display) notification may be made when the specified 
number of programs has been reached, or a change to the program may be prohibited 
in order to actively prevent the erasure of information. 

(2) The EEPROM was described above as being divided in two, but depending 
on the relation between the information to be stored and the capacity per chip of the 
EEPROM, it may also be divided into three or four parts. In this case, the structure of 
the above practical examples may be increased according to the number of divisions. 

(3) - Also, the EEPROM described above was premised on being a single chip, 
but a plurality of severally independent EEPROMs may also be used, with each chip 
corresponding to the "block" referred to in the present invention. In this case, erasure 
and writing can be performed individually, which makes it possible to prevent 
deterioration of the unused regions. 

4. Brief Description of the Figures 

Figure 1 is a cross section of a single cell of a common EEPROM. Figure la 
shows the program writing state, and Figure lb the erasure state. Figure 2 is a block 
diagram of a practical example of the memory device of the present invention. 
Figure 3 is a block diagram of another practical example. 

Key: 1 first block, 2 second block, 3 dedicated location, 4 dedicated 
location, 5 RAM, 6 first block, 7 second block, 8 dedicated location, 9 dedicated 
location 
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PURPOSE; To decrease the number of times of replacement of a memory and to 
Improve the reliability, by remitting a non-volatile memory having a storage 
capacity of plural times of that of a aystem to each block and providing an 

mJ^^L 1 *?** 0 * of ntxrnbcr °< of write for each unit Hock. 

CONSTITUTION! A storage area of an EEPftOM having a capacity 22 times the 
capadty r«juested to the aystem la splltted to blocks 1 and 2. and the direction 
oi split (8 taken in the direction of word arrangement Exclusive locations 3, 4 
to ctore the number of times of program write to the corresponding memory are 
allocated to the blocks 1, 2 respectively, and the number of bits of each location 
corresponds to the limit value of the number of times of program write of the 
corresponding memory. When the number of times of program write of the block 
i reaches a specified value, the block is used ewitchlnglv. Whether or not the 
number of timea of write reaches the specified value Is discriminated with a 
count value stored to the locations 3, 4, 
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PURPOSE; To decrease the number of times of replacement of a memory and to 
Improve the reliability, by tpUtting a non-volatile memory having a storage 
capacity of plural times of that of a system to each block and providing an 
exclusive location of the number of times of write for each unit block. 

CONSTITUTION! A storage area of an EEPROM having a capacity 22 times the 
capacity requested to the system is splltted to blocks 1 and 2, and the direction 
of split is taken In the direction of word arrangement Exclusive locations 3. 4 
to store the number of times of program write to the corresponding memory are 
allocated to the blocks 1, 2 respectively, and the number of bits of each location 
corresponds to the limit value of the number of times of program write of the 
corresponding memory. When the number of times of program write of the block 
1 reaches a specified value, the block is used switchingly. Whether or not the 

_ number of times of write reaches the specified value is discriminated with a 
count value stored to the locations 3, 4, 
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02/05/2004 09:49 AM 



Tim Smith/PHDR 



Subject 



bcc 



To 



cc 



alex@uln.com 

Philip Yau/PHDR@PHDR, Tim Smith/PHDR@PHDR, Tracy 
Knox/PHDR@PHDR 



REMINDER- ULN1.003US0 Maintenance Fee Due February 
28, 2004 



RE: US Patent No. 6,1 12,242 of ULN Corporation 

SYSTEM AND METHOD FOR DYNAMIC DATA INTERACTION IN A HYPERTEXT DATA 
PROCESSING SYSTEM 

Inventors: JoisetaL 

AppNo: US 08/677,855 filed 07/10/1996 (Priority: ) 

GrantNo: US 6,1 1 2,242 on 08/29/2000 

Our Ref: ULN1.003US0 (formerly M-11714 US) 

Dear Mr. Stankovic: 

The first maintenance fee for the above-referenced patent is due on February 28. 2004 . The total amount 
including our fees is approximately $675. As you may know, if maintenance fees are not paid the 
patent/application will become abandoned. Please let us know your payment instructions as soon as 
possible. 

Would you like us to PAY, ABANDON or will a THIRD PARTY HANDLE the fee? If you would like us to 
pay the maintenance fee, please send advance payment to our address below in the amount of $675. 

Please contact us if you have any questions. 

Sincerely, 

Timothy Smith 
Docketing Specialist 
Parsons Hsue & de Runtz LLP 
655 Montgomery Street, Suite 1800 
San Francisco, CA 94111 
Tel: (415)318-1160 (direct) 
Fax:(415)693-0194 
tsmith@phdr-law.com 



